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ABSTRACT 


Measurements  of  the  first  lobe  of  diffraction  transition 
radiation  from  a  hole  in  a  thin  aluminum  foil  for  electron- 
b e a m  e n e r cj i  e s  of  3  2.9  M e \'  and  63.3  M e \'  has  been  made.  I' h e 
effect  of  the  hole  size  was  in\'estigated  using  radii  of  3 
cm.  5  cm.  and  7  cm.  Although  the  measured  peal<  angle  and 
intensity  are  not  well  matched  to  the  theoretical  \'aiaes. 
these  experiments  attempt  to  isolate  the  diffraction 
transition  radiation  from  Cerenkov  radiation  and  transition 
radiation.  The  normalization  of  the  detected  signal  to  the 
beam  current  was  tried  for  compensation  of  the  beam 
fluctuation.  Conclusive  results  have  not  yet  been  obtained. 
but  this  investigation  provides  directions  for  future 
experiments  . 
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INTRODUCTION 


A.    BACKGROUND 

Diffraction  Transition  Radiation  (DTK)  occurs  when  a 
charged  particle  of  constant  velocity  passes  through  a  tiole 
or  near  any  interface  between  two  media  which  posses 
different  dielectric  constants.  For  example,  a  related 
process  occurs  in  linear^  accelerators,  in  which  bunched 
charges  lose  energy  in  transiting  the  radio  frequency 
accelerating  modules  and  this  effect  is  known  as  "beam 
loading"  [ R  e  f .  1 ]  . 

A  lot  of  research  has  been  done  on  diffraction 
transition  radiation  which  is  usually  associated  with  a 
single  charged  particle.  Ter-Mikaelian  discusses  the  fast 
charged  particle  passing  through  a  circular  hole  [Kef.  2  ]  . 
Since  the  fast  particle  field  becomes  equivalent  to  a  set  of 
plane  waves,  the  calculation  for  diffraction  problem  is 
similar  to  a  procedure  for  calculating  the  diffraction  of 
light  waves,  as  well  as  involving  scattering  based  on  the 
Huygens  principle. 

This  approach  is  valid  if  the  incident  wavelength,  X 
(actually  A/ 2  ),  on  the  hole  is  small  compared  to  the 
radius,  a,  of  the  hole.  In  addition,  deflection  angles,  0  , 
of  the  incident  wave  direction  must  be  small.  (That  is,  t[ie 


laws  of  'geometrical  optics  allow  small  dev  i  f-i  l  i  ons  .  ;  .viso.  a 
point  cliar'je  is  assumed.  Therefore,  the  two  following 
conditions  should  be  satisfied 


^  <C  a 
Q   <C  1 


1  ) 


I  2  ) 


While  these  condition  should  be  maintained,  Ter-Mikaelian 
considers  the  process  of  the  scattering  of  pseudo-photons. 
Since  the  particle  field  for  a  fast  particle  depends  on  the 
distance  from  its  path,  tlie  Fourier  components  of  the 
particle  are  spatially  limited  in  a  cicle  of  the  radius  a^^ 
Xy*[Ref.2j.  Then  the  following  condition  should  be  fulfilled 
for  the  radiation  of  angular  frequency,  (a)  ,  to  occur. 


(  * 


^r' 


(3) 


where   y*  is  the  Lorentz  factor.  Tlie  better  the  condition  is 
fulfilled,  the  greater  the  radiated  intensity. 

When  a  charged  particle  which  has  a  velocity  v .  passes 
through  a  hole  of  radius  a,  wit  hi  a  distance  R,  from  the 
a::  is  as  in  Figure  1  (Figure  10  [Ref.  IJ).   Witli  the  limits 


/*  V  /u>  ^  a   and   R  <^  a 


ii) 


Figure   1  . 


Diffraction  Transition  Haciiation  of 
wave  vector  k  produced  by  a  particle 
of  velocity  V  transiting  a  distance 
R  from  the  center  of  a  hole  of 
radius   a   in  a  screen. 


Tor-Mikaslian  developed  an  expression  for  the  nnmber  of 
quanta  of  frequency,  tO  .  radiated  iii  the  range  of  the  aiigles 
dO       byoneelectron,     givenas[Ref.     2J 


1 


Q^dQ 


R  du) 

NdoJde  a:    ---    ----5- -5--- [  J^  (  qa  )     -     (-)J^{qa)]     -- 

137       (r"-^")  a 


where  the  factor  q  in  the  argument  of  the  Bessel  functions 
J^(qa)  and  J(qa)  is  the  projection  of  the  wave  vector  k 
into  the  plane  z  =  0  of  Figure  1  (q  =  k  sin^).  If  R  =  0  and 
equation  (1)  is  satisfied,  ttie  electric  field  components  are 
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'-"     2 
2  "c  q  +«. 


-  J  (qaj  cos^ 
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2   c  q  -01 


----  J^lqa)  sin 


(  5) 


(7  ) 


where   ^  is  the  angle  of  q  with  respect  to  the  x-axis  and 

0(=w/><«v   [Ref.   2].     From   equations   (6)   and   (7),  the 

radiation  is  polarized  with  the  electric  vector  lying  in  the 
plane  containing  the  vectors   v   and   k. 


B.   PREVIOUS  INVESTIGATIONS 

Rule  and  Fiorito  discuss  that  for  development  of 
diffraction  transition  radiation  as  a  noninterceptive 
diagnostic  it  will  be  necessary  to  accurately  measure  the 


angular  dependence  of  DTR  spectrum  in  the  subiniilimeter 
regime.  Also  they  state  that  the  coherent  DTR  should  be 
produced  if  the  separations  of  the  beam  particle  are  oPi  the 
order  of  or  smaller  than  a  wavelength.  Diffraction 
transition  radiation  will  begin  to  be  produced  by  the  beam 
at  wavelengths  satisfying  the  relation  fRef.  1] 


1/3 


<  X 


(B) 


where   n    is   the   beam   density.     When   this   relation  is 

strongly   satisfied,   both   transition   radiation   (TR)  and 

diffract:  ion  transition  radiation  will  be  enhanced  and  the 

intensity  of  the  radiation  will  become  proportional  to  n," 

rather  than  to  n,  . 

b 

In  1986,  O'Grady  did  an  experiment  to  look  at  the 
diffraction  transition  radiation  using  a  mirror  in  the  beam 
path  to  reflect  the  radiation  [Ref.  3],  A  hole  in  a  metal 
plate  covers  the  beam  tube  exit  window  and  varies  its  size. 
His  results  were  the  first  experiment  to  produce  DTR  at 
Na^.'al  Postgraduate  School  Accelerator  Laboratory  (NPSAL). 
Data  was  taken  at  3  different  energies  and  compared  with 
different  sizes  of  lioles  and  with  no  hole  in  a  plate  which 
generates  TR.  There  were  differences  in  the  diffraction 
patterns  which  must  be  attributed  to  DTR. 

In  1986,  Gallet  derived  the  equations  regarding 
diffraction  transition  radiation  from   relativistic  electron 
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bunches  passing  through  an  aperture  from  the  Huygens- 
Fraunhofer  treatment  of  the  fields  across  the  aperture  [Rof. 
4].  These  results  come  from  the  first  theoretical  approach 
to  have  considered  the  effects  of  electron  bunching.  The 
DTR  pattern  from  a  relativistic  electron  beam  is  very 
similar  to  the  case  of  that  in  which  a  plane  wave  incident 
on  a  circular  aperture  results  in  the  Airy  diffraction 
pattern.  It  differs,  however,  from  the  optical  diffraction 
pattern  in  that  the  central  maximum  is  replaced  by  a  null 
which  results  from  the  radial  nature  of  the  electron  fields 
and  strongly  depends  on  aperture  size.  Increasing  the 
aperture  size,  decreases  the  peak  at  ^  =  y  and  shifts  the 
structure  toward  to  the  ^  =  0  axis.  A  strong  peak  is 
present  at  0  =    Y*  (which  is  characteristic  of  TR)  and  the 

strength  of  the  peak  is  dependent  on  the  energy  of  the  beam. 


C.    CERENKOV  RADIATION  AND  TRANSITION  RADIATION 

Diffraction  transition  radiation  is  closely  related  to 
TR  which  occurs  when  a  charged  particle  of  constant  speed 
passes  through  a  boundary  where  the  dielectric  constants  of 
the  medium  change,  and  Cerenkov  radiation  which  results  when 
a  charged  particle  moves  through  a  transparent  medium  faster 
than  the  phase  velocity  of  light  in  the  medium. 

Buskirk  and  Neighbours  formulated  the  equation  for  the 
power  of  Cerenkov  radiation  from  periodic  electron  bunches 
in   1982.     This   equation   predicted   the   power   from   the 
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harmonics  of  the  fundamental  period  [Ref.  5].  In  1983. 
Bus  kirk  and  Neighbours  calculated  the  diffraction  effects  in 
Cercnkov  radiation  produced  by  a  finite  path  length.  This 
relation  for  the  diffracted  power  radiated  in  watts  per 
steradian  is  [Ref.  6j 


»  2     2 

W(i;.n)  =  ^        Q  R    (Watts /steradian) 


(9) 


where    Q   =  /i  c  q   /  ( 8;L) 

q   =  charge  in  electron  bunch 

^      =  fundamental  frequency  of  the  beam  generator 

R   =  k  L  sin^  l(u)  F(k) 

and  where 

k  =  2  ^  /  A   :  wave  number  of  Cerenkov  radiation 


=  J  k 


0 


:  J 


i  nteger 


k   =  wave  number  for  i> 


L  =  finite  interaction  beam  length 
I(u)  =  sin(u)  /  u     :    diffraction  pattern 

:    u  =  kL(cos^  -cos^)/2 

F(k)   =  form  factor  of  the  charge  distribution 
bunch,   considered   unity  when   the   bunch 
length  is  smaller  than  wavelength 
CQsQ      =c'/V=l  /  ( nyS )  =  Cerenkov  angle 
G   =  observation  angle   from  the  beam  direction 
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Oc   c't 


TTT- 


Cerenkov  radiation  in  air 


Idealized  Cerenkov  radiatic 

a  redium  witn  a  hicn  n 


1  n 


Figure  2 .  Cerenkov  Radiation 
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From  this  equation,  the  peak  of  the  power,  for  the  case   L  ;^ 

A   occurs  when  6  =    6    ■ 

c 

If  a  charged  particle  passes  the  boundary  where  the 
dielectric  properties  of  the  medium  arc  different.  then 
transition  radiation  will  always  be  produced.  Although  TR 
is  closely  associated  with  Cercnkov  radiation,  the 
properties  are  qui  to  different.  The  most  important  property 
is  that  the  intensity  of  TR  is  strongly  dependent  on  the 
energy  of  the  charged  particle  [Ref.  1],  whereas  for 
Cerenkov  radiation  the  intensity  depends  on  the  speed  of  the 
charged  particle  [Ref.  5j. 

The  generated  spectrum  ranges  from  the  microwave  to  the 
X-ray  region,  where  the  upper  limit  is  proportional  to  the 
Lorentz  factor  /*  .  Transition  radiation  is  also  polarized 
and  angularly  dependent.  For  relativist!  c  particles 
normally  incident  to  the  interface,  the  maximum  intensity 
occurs  at  the  angle  [Ref.  1] 


Ou   *1>  » 


S  mc  '  E 


(  10) 


where   E   is  the  total  energy  and   mc"   is  the  rest  energy 
of  the  particle  (Figur^e  3). 

Cerenkov  radiation,  TR  and  DTR  all  occur  when  the 
charged  particle  is  traveling  at  constant  velocity  through 
or  near  a  medium.  Cerenkov  radiation  has  a  velocity 
threshold  such   that   the   phase  velocity  of   a  particle   is 


1 1 


MAX 


Notes 


Med  ium  I 
functions 


and  medium 
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II  have  dielectric 
and  ^-p-  The  direction  of 
observation  "is  n  at  an  angJe  Q  with 
respect  to  the  particle  velocity  v.  Not 
shown  is  the  backward  TR  which  has  a 
similar  intensity  distribution. 


Fisure  3.   Transition  radiation  produced  in  the 
forward  direction  at  an  interface 
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faster  than  the  li^ht  velocity  in  a  medium.    The  (^sronknv 

angle  0         is  related  to  the  index  of  refraction  and  the 

c 

particle  velocity  as  shown  in  Equation  9.  TR  and  DTR 
intensities  and  angles  of  emission  depend  on  the  particle's 
energy  as  shown  in  Equation  10. 

In  case  of  NPSAL,  the  electron  beam  passes  tho 
accelerator  beam  pipe  through  a  circular  KAPTON  aperture 
where  transition  and  diffraction  transition  radiation  may 
have  been  produced  and  enters  air  where  Cerenkov  radiation 
was  produced.  For  a  50  MeV  electron  beam,  the  peak  of 
intensity  for  Cerenkov  radiation  is  about  1.19  degree 
(n=l. 000268)  and  0.59  degree  for  TR  and  DTR. 

D.   PURPOSE 

This  experiment  is  primarily  focused  on  isolating 
diffraction  transition  radiation  from  the  transition 
radiation  and  Cerenkov  radiation  to  investigate  closely  the 
distribution  of  radiation  intensity  as  a  function  of  angle, 
hole  size,  and  dependent  on  the  beam  energy. 

A  secondary  focus  is  to  improve  the  method  of  recording 
data.  Previous  work  in  NPSAL  assume  the  beam  density  to  be 
stable;  however,  the  beam  is  unstable  and  sometimes  goes  to 
zero.  Because  the  radiation  field  is  dependent  on  the 
current,  the  observed  field  signal  should  be  corrected  when 
the  beam  changes.   This  correction  is  called  normalization. 
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1 1  •        Ilil-IxPIEiMINI 

A.   EXPERIMENTAL  SETUP 

This  experiment  was  performed  using  an  electron  linear 
accelerator  (LINAC)  at  the  Naval  Postgraduate  School.  The 
experimental  station  and  the  characteristics  of  the  LINAC  is 
described  in  Appendix  A.  The  experimental  setup  in  the  end 
station  is  shown  in  Figure  4,  and  is  basically  similar  to 
that  used  by  O'Grady  [Ref.  3]  and  by  Bruce  [Ref.  7]. 
However,  several  new  concepts  and  alternate  equipments  are 
used.   A  mirror  is  not  used  for  direct  measurement  of 


Figure  4.  Experimental  setup 
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raaiation.  The  traveling  wave  tube  (TWT)  amplifier  ana  a 
band  pass  filter  of  the  experiment  in  Kef.  3  and  Kef.  7  are 
not  used.  Instead,  a  crystal  detector  is  attached  directly 
to  the  end  of  the  waveguide,  and  then  an  amplifier  is  used 
after  that.  A  Hewlett  Fackat^d  plotter  (HP7090A)  is  used  to 
record  the  data.  A  HP2  3  6  computer  is  used  to  save  and 
control  the  data.  For  normalization  of  data,  a  tor^oid  is 
put  on  the  end  of  beam  pipe  to  detect  the  fluctuation  of  the 
beam  i  ntens  i  ty . 

It  was  decided  to  find  the  frequency  components  of  the 
average  radiated  power  in  the  X-band  region  (8.2-12.4  GHz) 
where  third  harmonic  Cerenkov  radiation  (8.568  GHz  for  the 
LIN  AC)  can  be  detected.  For  this  experiment,  the  setup  is 
roughly  divided  into  two  sections  as  shown  in  Figure  5.  One 
is  the  end  station  where  radiation  is  detected  and 
transferred  to  the  control  room.  The  other  is  the  control 
room  where  data  is  recorded  and  saved  for  further 
investigation . 

1  •   Iil§_^nd_st  a  t  i^on 

The  end  station  is  equipped  with  a  toroici,  a  beam 
monitor,  a  aluminum  plate,  a  helium  bag,  a  feedhorn 
assembly,  and  two  research  amplifiers.  The  electron  beam 
bunches  come  from  the  LINAC  tli  rough  the  beam  pipe  which  may 
produce  diffraction  transition  radiation  (DTK),  and  through 
a  plastic  KAPTON  aperture  which  may  generate  transition 
radiation  (TR).   On  the  end  of  the  beam  pipe,  a  toroid  is 


18 


iN])  STfiTlOH 


A  1  y     >T  3  -B  1  e  F!  o  r*  n      -a  n  t:  f-  n  n  -rt 


Be  a>M     Pi  i>*^ 


■3  r^  o  i  cl 


M^. 


'i\t'- 


P 1  ats  t  i  c      Ij-acf 


i^    »¥»1LJ 


/  >  iT-i. '. » ";"'  in.  n.  T       m  n.  n.  ^,  rT 


I. J  s  c;^  Ji  1  .«,  t> 
S:  O  O  >><? 


•!_,    r-^   (^  p   h    "!-' 


J>e  t:  k>  cr  r  -;:;:•  ;r ' 


J>o  1   !  vf 


N^"  J-; 


p  H_f  wa  i-'  1  '.     •-■  1.. 


Figure  5.   Schematic  diaj^rani  of  the  setup 
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locate  ci  to  detect  the  fluctuation  of  the  beam  iiitensicy. 
The  toroid  output  is  used  for  normalization  of  the  detected 
signal  from  the  feedhorn  antenna.  After  the  toroid,  Lhe 
beam  i^oes  through  the  short  interaction  region  in  air  where 
Cerenkov  radiation  is  generated.  A  li  cm  interaction  region 
separates  the  end  of  the  beam  pipe  and  the  aluminum  plate  to 
provide  a  far  field  detection  of  Cerenkov  radiation.  .\  27 
cm  X  3  6  cm  X  0.05  cm  aluminum  plate  (without  hole)  is  used 
for  TR  and  three  plates  (each  with  a  different  hole  size) 
are  used  to  detect  DTR.  A  plastic  bag  containing  helium  gas 
is  used  to  eliminate  the  Cerenkov  radiation  which  is 
produced  when  air  is  between  the  plate  and  the  feedhorn 
assembly . 

The  feedhorn  assembly,  Figure  6,  consists  of  a  horn 
antenna,  a  short  piece  of  waveguide,  a  crystal  detector,  a 
mounting  assembly,  and  a  travelling  dolly.  The  X-band  3,  .1 
cm  X  4.6  cm  microwave  horn  antenna  is  located  at  1.5  m  away 
from  the  plate.  A  29.5  cm  section  of  X-band  waveguide  is 
inserted  between  the  antenna  and  the  crystal  detector,  wiiich 
is  bent  down  to  protect  the  detector  from  the  electron  beam. 
The  crystal  detector  is  used  for  modulating  the  radiati(Dti  to 
visible  to  the  oscilloscope  and  to  the  sample- an d-hold 
network  in  the  control  room.  The  mounting  assembly  holds  the 
feedhorn  and  allows  the  feedhorn  to  rotate  though  the  angle 
to  measure  the  angular  dependence  of  the  direct  radiation. 
The  center  of  the  horn  antenna  is  located  along  the  axis  of 
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Figure  6.   Feedhorn  assembly 
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the  beam  and  maintained  at  the  same  vertical  level  while 
rotating  from  sidt  to  side  by  a  traveling-  doily.  The 
traveling  dolly  carries  the  fee  ci  horn  assembly  and  travels 
along  a  wooden  platform  on  which  the  angles  are  marked.  The 
speed  of  the  traveling  dolly  is  controlled  by  a 
potentiometer  in  the  control  room.  A  camera  and  a  monitor 
is  established  to  see  the  angles.  The  microwave  signal 
received  at  a  feed horn,  modulated  by  the  crystal  detector, 
is  transmitted  to  the  research  amplifier  through  RG  9/U 
coaxial  cable.  A  relatively  weak  signal  is  amplified  with 
two  amplifiers  with  maximum  3000  gain.  One  is  for  the  beam 
signal,  the  other  is  for  radiation.  These  amplified  signals 
are  transmitted  to  the  control  room  by  triply  shielded 
cable. 

2  .   C on t r o_l _r 0 om 

Signals  from  the  end  station  are  split  and  sent  In 
two  directions  in  the  control  room.  One  direction  leads  to 
an  oscilloscope  for  visual  reference,  and  the  other  to  the 
data  collection  network  as  shown  in  Figure  7.  The  data 
collection  network  consists  of  a  sample  and  hold  network,  an 
oscilloscope,  a  plotter,  and  a  computer.  The  integrated 
circuit  high  spo(;d  sample -and-hold  network  is  well  explained 
with  Figure  17  and  18  in  Reference  7.  Another  oscilloscope 
is  used  for  integration  timing  for  the  samplc-and-hold 
ne  two  r k . 


o  •> 


Figure    7.       Control    room 
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After  this  network,  signals  are  transmitted  to  the 
programmable  HP7090A  plotter  through  two  channels,  one  to 
observe  the  beam  current  and  the  other  to  record  the 
radiation  signal.  The  plotter  can  take  one  thousand 
digitized  data  per  each  channel  during  a  given  period. 
Then,  it  can  plot  the  data  itself  or  be  controlled  by  a 
computer.  The  HP236  computer  was  used  to  control  the 
plotter  and  save  the  raw  data  and  provided  a  program  written 
in  Basic  language,.  Also,  it  used  another  program  for 
further  investigation  (see  Appendix  2). 

B.   PROCEDURE 

1  •   5iSili  za  t  i^on 

This  experiment  can  be  divided  roughly  into  three 
steps.  The  first  step  is  the  digitization  of  the  data.  In 
most  experiments  at  NPS,  data  was  obtained  by  manually 
recording  values  from  the  oscilloscope  or  from  the  spectrum 
analyzer  at  angles  observed  through  the  closed  circuit 
television.  It  was  significantly  improved  by  Bruce  [Ref.  7] 
using  the  X/Y  recorder  in  which  the  data  was  recorded 
automatically.  However,  all  data  was  analog  in  form  and  no 
manipulation  of  data  was  possible  because  of  its  analog 
nature . 

This  problem  was  solved  by  using  a  HP7090A  plotter 
as  shown  in  Figure  8.  Three  channels  are  available  for 
receiving  analog  input  signals  and  each  channel  uses  its  own 
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Figure  8.   HP7090A  plotter 
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analos-to-diyjtal  (A/D)  converter  to  digitize  the  analog 
input.  It  contains  three  buffers  that  are  used  to  store 
digitized  input  signal  data  during  buffered  recording  and 
each  buffer  is  capable  of  storing  1000  data  values  in  a 
given  period.  The  period  for  acquisition  of  the  signal  can 
be  set  from  1  sec  to  24  hours.  This  buffered  data  can  be 
used  for  drawing  or  for  transferring  to  the  computer.  Also, 
It  can  plot  the  modified  data  from  a  computer.  That  is,  the 
plotter  serves  as  the  front  end  of  a  data  acquisition  system 
or  as  a  graphics  plotter  with  a  computer. 
2  .   No rma_l_i z a t  i_on 

The  next  step  is  normalization  of  the  signal.  Since 
the  radiation  field  is  dependent  on  the  beam  current,  The 
observed  field  signal  should  be  corrected  when  the  beam 
changes.  This  correction  is  called  normalization.  If  the 
beam  is  constant,  the  signal  should  be  stable  when  the 
detector  is  fixed.  First,  two  antennas  were  used  at  two 
fixed  positions  during  a  30  second  period.  Then,  Cei^enkov 
radiation  detected  with  both  antennas  is  continuously 
changed  as  shown  in  Figure  9.  To  normalize,  average  value 
of  one  signal  is  calculated  then  it  is  applied  to  the  other 
signal  to  compensate  for  fluctuations.  But  it  was  over 
corrected  as  can  be  seen  in  Figure  9. 

Many  methods  were  tried  to  accomplish  normalization. 
It  was  assumed  that  the  relation  of  the  signal  and  the  beam 
was  linear  according  the  equation  (8).   A  toroid  was  used  to 
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decoct  the  changes  in  tiie  beam.  Although  this  is  not 
sufficient  for  normalization  since  the  relation  between  the 
beam  current  and  the  radiation  signal  is  not  exactly  known. 
Another  problem  encountered  during  tiie  programming  for 
normalization.  Since  the  beam  current  occasionally  goes  to 
zero,  previous  value  is  assumed  for  the  value  of  zero  (see 
Appendix  2  )  . 

3  -   Da t a_co_l  l^ec t  i on 

The  collecting  data  is  the  third  step  of  tliis 
experiment.  During  the  data  acquisition,  it  was  noticed 
that  the  alignment  of  the  antenna  is  very  important.  The 
height  of  both  lobes  is  very  dependent  on  the  positioning  of 
the  antenna.  When  the  antenna  Is  aimed  to  the  right 
relative  to  an  observer  facing  in  the  beam  direction,  tlie 
left  lobe  is  higher  than  the  right  lobe  as  shown  in  Figure 
10.  In  the  other  case,  aiming  to  the  left,  tiie  right  lobe 
is  higher  than  the  left  lobe  (Figure  11).  So  alignment  of 
the  antenna  is  carefully  checked  to  see  if  the  axis  of  the 
antenna  is  the  same  as  the  axis  line  of  the  beam. 

The  intensity  of  the  detected  signal  from  the 
antenna  is  affected  by  beam  focusing.  The  beam  is  blurred 
when  the  focal  point  is  moved  further  from  the  end  of  the 
beam  pipe.  due  to  the  diffusion  of  the  beam  in  aii". 
Consequently,  it  is  difficult  to  focus  at  a  point  downstream 
from  the  beam  pipe  (see  Figures  12,  13,  and  14).  When  the 
distance  of  the  antenna  from  the  beam  pipe  is  fixed  to 
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Figure  14.   Beam  focusing  with  distance 
80  cm  and  100  cm 
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Figure  13.   Beam  focusing  with  distance 
40  cm  and  60  cm 
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Figure  12.   Beam  focusing  with  distance 
0  cm  and  20  cm 
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16  0  cm,  the  intensity  of  the  signal  is  ii  i  j^  h  e  s  t  when  the 
electron  lieam  is  focused  at  a  point  15  cm  from  the  beam 
pipe  . 

Since  TR  and  DTR  are  naturally  produced  from  the  end 
of  the  beam  pipe,  and  Cerenkov  radiation  is  generated  in 
air,  several  different  setups  were  required  to  isolate  the 
DTR  from  TR  and  Cerenkov  radiation  as  shown  in  Figure  15. 
In  the  setup  A,  a  aluminum  plate  with  a  hole  which  generates 
DTR  is  located  at  14  cm  from  the  end  of  the  beam  pipe,  and  a 
plastic  bag  filled  with  helium  gas  was  used  to  eliminate 
Cerenkov  radiation.  Three  different  sizes  of  hole  (radii  of 
3  cm,  5  cm,  and  7  cm)  were  used  to  find  the  effect  of  the 
hole  size.  A  aluminum  plate  without  hole,  i.e.,  radius  zero 
cm.  is  used  in  the  setup  B,  which  generates  TR  .  To  remove 
Cerenkov  radiation  production  in  air  from  the  plate  to  the 
antenna,  helium  gas  in  a  plastic  bag  was  used.  But  the 
plastic  bag  itself  was  a  source  of  another  TR  and  reflection 
from  the  plastic  bag  also  must  be  considered.  To  find  these 
effects,  several  setups  were  used.  Setup  C  uses  a  helium 
bag  only.  Setup  D  uses  the  same  bag  but  air  instead  helium. 
Setup  E  uses  the  same  bag  without  ends.  And  setup  F  uses  no 
material  (air  only)  between  beam  pipe  and  antenna. 

Since  all  three  radiations  are  produced  by  a  beam 
bunch  moving  at  a  constant  velocity  and  the  boundary 
(KAPTON,  aluminum  plate,  plastic  bag  ends)  is  perpendicular 
to  the  electron  beam,  the  electric  field  of  all  three 
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Figure  15.   6  patterns  of  setup 
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radiations  will  be  in  the  plane  ot  the  beam  direction  and 
the  detector.  The  magnetic  field  will  be  perpendicular  to 
this  plane.  Therefore,  it  is  expected  that  all  three 
radiations  appear  together.  Although  there  are  no  finite 
boundaries  between  Cerenkov,  TR  and  DTR ,  this  experiment 
attempts  an  empirical  separation  of  the  DTR  through  changes 
in  the  setup. 

The  expected  radiations  arc  shown  in  the  Table  1. 
according  to  the  different  setup  in  Figure  13. 

TABLE  1 . 
EXPECTED  RADIATIONS 


Setup 

Radi  at  i  ons 

A 

C, ^  +  DTR  +  TR^ 
14             b 

+  R 

B 

TR          +  TR^ 
b 

+  R 

C 

C.  .         +  TR. 
14             b 

+  R 

D 

Cj,  -   C   .  TR^ 

+  R 

E 

^4  *       " 

+  R 

F 

=  14  *   C 

1 
1 

In  the  setup  A,  it  was  assumed  that  the  detected 
signal  was  consists  of  Cerenkov  radiation  from  a  14  cm 
interaction  region  which  is  represented  as  C  DTR  from  the 
aluminum  plate  with  a  hole,  transition  radiation  from  both 
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ends  of  a  plastic  bajj  which  is  expressed  as  TR, 


ana  some 


amount  of  reflection  from  the  side  wall  of  the  plastic  bag 
(R).  In  the  setup  B,  the  aluminum  plate  without  hole  was 
replaced  and  C  in  the  setup  A  was  removed  by  this  plate. 
Setup  C  was  same  as  the  setup  A  except  without  plate.  Setup 
D  used  air  instead  of  helium  gas  in  the  setup  C  and 
tlierefore  Cerenkov  radiation  was  produced  inside  tlie  ba;^ 
which  IS  represented  as  C.  Setup  E  removed  the  both  ends  of 
the  plastic  bag  and  setup  F  removed  all  material  between  the 
beam  pipe  and  the  antenna. 
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RESULTS  AND  CONCLUSIONS 


A.   RESULTS 

Two  different  energies  (32.9  MeV  and  63.3  .MeV)  were  used 
to  confirm  the  experiment.  Unfortunately,  higher  e  n  e  r  jj  y  w  a  s 
not  used  because  klystron  *3  was  not  operable  due  to  a 
failure  in  its  associated  power  supply.  Using  32.9  Me\' 
energy,  the  normalized  signal  patterns  are  shown  in  Figures 
16-23  and  for  63.3  MeV  are  shown  in  Figures  24-31.  In 
reading  Figures  16-31,  it  should  be  noted  that  the  zero 
angle  could  have  as  much  as  1  degree  error  because  the 
control  of  the  potentiometer  and  the  record  starting  of  the 
plotter  was  manually  controlled.  Measurement  of  angles 
covered  from  -5  to  +5  .  It  is  also  noted  that  Y-axis  is 
measured  as  a  relative  ratio,  and  the  maximum  ratio  of  the 
detected  signal  to  the  beam  current  was  4  00  "o  (except 
Figures  16,  17.  and  21).  This  scale  of  X  and  Y-axis  was 
maintained  through  the  experiments. 

The  most  remarkable  aspect  of  this  experiment  is  that  TR 
and  DTR  peak  angle  is  closer  to  the  zero  angle  rather  than 
the  peak  angle  of  Cerenkov  radiation.  In  the  case  of  32.9 
MeV,  the  theoretical  peak  angle  of  TR  and  DTR  (0.89  )  is 
smaller  than  the  theoretical  peak  angle  of  Cerenkov 
radiation  {0.98  ).    However,  the  experimental  peak  angle  is 
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TABLE  2 
PEAK  ANGLES 


3  2.9  MeV 


Theoretical 

Experimental 

1 
Setup     Peak  angle 

Cerenkov 
:  0.98 

TR  &  DTR 
:  0.89^ 

A  -  7cm  i      1.3 

A  -  5cm        1.3 

A  -  3cm 

1.4 

B 

1  .3 

C 

1  .3 

D 

1  .8 

i 

i 
E             1  .8     1 

F             1.8 

1 

63.3  MeV 


Theoretical 

Experimental 

Setup 

Peak  angle 

Cerenkov 
:  1.24 

TR  &  DTR 
:  0.46^ 

A  -  7cm 

1 .  1 

A  -  5cm 

1  .2 

A  -  3cm 

1.  1 

B 

1  .2 

C 

1  .  1 

D 

1.4 

E 

1  .4 

F 

1  .  4 
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different  as  shGwn  in  Table  2.  Since  setups  D,  ii.  and  F 
(see  Figure  15)  involve  electron  beam  propagation  in  air. 
they  mainly  produce  Cerenkov  radiation  and  the  peak  is  about 
at  1.8  .  On  the  other  hand,  setups  A,  B,  and  C  (see  Figure 
15)  remo\.'ed  most  part  of  air  and  mostly  produce  DTR  and  TR. 
H o tv e V e r  .  they  should  remove  the  effects  of  Cerenkov 
radiation.  The  observed  experimental  peak  angle  of  these 
cases  (setups  A .  B  and  C)  is  1.3  and  this  angle  is  smaller 
than  the  peak  angle  of  the  experimental  Cerenkov  radiation 
(setups  D,  E  and  F).  In  the  case  of  63.3  .MeV.  the  same 
result  as  the  case  of  32.9  MeV.  the  theoretical  peak  angle 
and  the  experimental  peak  angle  for  TR  and  DTR  are  both 
smaller  than  the  peak  angle  of  Cerenkov  radiation  as  shown 
in  Table  2.  In  both  cases,  there  are  large  differences 
between  theoretical  peak  angles  and  the  experimental  peak 
angles.  It  is  suspected  that  the  reason  of  this  difference 
is  the  lack  of  an  exact  relationship  for  normalization,  the 
incomplete  elimination  of  other  radiations,  and  the  lack  of 
the  correct  experimental  boundary  conditions  incorporated  in 
the  theory. 

Even  though  the  height  of  the  peak  is  theoretically 
decreased  with  increasing  hole  size,  the  experimental  result 
of  the  effect  of  the  hole  size  is  very  complicated.  .\s 
shown  in  Table  3.  the  result  of  two  energies  is  different 
and  no  sensible  relation  between  the  peak  intensity  and  the 
hole  size  could  be  established.   In  the  case  of  high  energy, 
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T.\BLE  3. 
HOLE  SIZE  EFFECTS 


Hole  Size 
( radius  ) 

7  cm 
5  cm 

Peak               _ 

32.9  MeV        63.3  Mev    J 

left    right    left    right 

2  2 
2  .  2 

2  .  0 

2  .  2      1  .  8 

-  -- 
1  .  8 

2.1      2  .  U 

3  cm 

2  .  5 

2.6    i    2.1      2.7 

0  cm  (TR) 

2  .  0 

1 . 5       3.8   !   3.2 

the  intensity  pattern  looks  like  the  theoretical  prediction. 
But  the  other  case  (32.9  .MeV)  is  \'ery  different.  From  Table? 
3,  it  is  supposed  that  TR  and  UTR  are  more  related  to  the 
theoretical  prediction  when  the  higher  energy  was  us(;d 
rather  than  the  lower  energy. 

Comparing  setup  C  and  setup  D.  it  is  noticed  that  TR 
from  the  plastic  bag  is  large  when  the  higher  energy 
electrons  are  used  (Table  4).  When  comparing  setup  D  and 
setup  E.  the  peak  value  of  two  energies  are  different.  This 
fact  indicates  again  that  TR  and  DTR  from  the  plastic  bag 
will  be  dependent  on  the  beam  energy.  The  intensity  of 
setup  F  (only  air  between  the  beam  pipe  and  the  detector)  i.s 
larger  than  setup  E  (just  put  plastic  tube  without  ends). 
This  tells  about  some  amount  of  suppression  due  to  the 
plastic  tube. 
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TABLE  '1. 
PEAK  OF  EACH  SETUP 


Set  up 

32 . 9  McV         63.3  Mev 

left 

right 

left 

right 

C 

1.6  i    1.3 

3  .  4 

'>      =; 

D 

1 
1.3      1.3 

1  .  3 

1  .  1 

E 

1  .  2 

1  .  1 

2  .  8 

2  .  5 

F 

1.6 

1  .  1 

3  .  0 

2  .  5 

B.   CONCLUSIONS 

Diffraction  transition  radiation  was  detected  by  direct 
measurement  of  radiation  in  these  experiments.  The  X-band 
horn  antenna  passed  through  the  beam  path  and  found  the 
first  lobe  of  diffraction  transition  radiation,  transition 
radiation,  and  Cerenkov  radiation.  It  is  found  that  the 
peak  angle  of  Tk  and  DTK  is  closer  to  zero  degrees  than  the 
peak  angle  for  Cerenkov  radiation.  Although  these  measured 
values  are  not  the  same  as  tiie  theoretical  values,  tlie 
result  show  the  same  relation  for  both  energies  of  32.9  MeV 
and  63 . 3  MeV  . 

During  these  experiments,  the  relationship  between  the 
intensity  of  the  signal  and  the  hole  size  can  not  be  found. 
But  when  the  higher  energy  was  used,   it  was  easily  found 
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thai  increasing  the  hole  s i z g  decreased  the  intensity  of  the 
s  ignal . 

Since  the  beam  current  is  not  constant,  normalization  is 
necessary  to  compensate  for  this  beam  fluctuation.  But  the 
rough  assumption  was  made  for  the  normalization  due  to  the 
lack  of  the  exact  relation  between  the  beam  current  and  tlie 
signal.  Digitization,  which  was  achieved  in  these 
experiments,  of  the  signal  and  the  beam  current  lias  a  lot  of 
advantage  for  dealing  with  the  data  compared  to  the  analog 
data.  On  the  end  of  the  beam  pipe,  all  three  radiations  may 
be  generated  and  these  three  radiations  are  detected  all 
together  at  the  antenna.  In  these  experiments,  the  effort 
for  separation  of  DTR  was  tried,  but  it  was  found  that  it  Is 
not  enough.  For  a  further  experiment  folio wings  are 
recommended  : 

(1)  Investigation  of  the  higher  beam  energy  using  all 
three  klystrons  to  find  the  relation  between  the  beam  energy 
and  DTR. 

(2)  Find  the  exact  relation  of  the  signal  to  the  beam 
current,  and  develop  the  arrangement  of  equipment  for  this 
purpose  . 

(3)  Any  meaningful  efforts  will  require  the  isolation 
of  DTR  from  the  TR  and  Cerenkov  radiation. 

(4)  .More  effort  is  needed  to  find  out  the  relation 
between  the  hole  size  and  the  intensity  of  DTR. 

(5)  Reduction  of  the  noise  can  improve  the  results. 


59 


APPENDIX  A 
LINAC  CHARACTERISTICS 

1 .  Beam  energy  15  MeV  -  100  MeV 

2.  Beam  micro  bunch  length  0.0024  m 

3.  Beam  micro  bunch  distance  0.103  m 

-12 

4.  Beam  micro   bunch   charge    1.16   x    10  C 

5.  Third   harmonic    frequency    8.568    GHz 

6.  Third   harmonic   wavelength    3 . 5    cm 
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Figure  32.   Experimental  station 
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APPENDIX  B 
BASIC  PROGRAM  LISTINGS 


1.   Program  for  normalization 


10  ^Thi5  program  provides  a  norr^alized  rrcJietion  with  a  toroid 

20  'on  tne  aean  pipe  and  moving  norn  anienna. 

30  'Fiottmg  is  provided  by  HP  lOSdf). 

40  ' 

50  ifioir    pi^ograrn 

GO  n55I6N    ioHp70g0    TO    705 

70  O^TIOiJ    BnSE    1 

Sd 

9C  'Define  the  variables. 

100  REnL.  Cnanl  U  :  1000  )  ,Chan2\  1  :  1000  >  .Norma!  i  '::  1000) 

1 10  IMTE5EP  I ,N , Factor 

120 

130     5e*  I'ltiai  conaitions  fcr    tne  plotter. 

14,0  C'L'TFL''  il'rip70'3£ ;  "FE 1  3 ;  "      iseiec*  cn?nnei  1  and  2  vs.  time 

150  CUTFU"^  '5Hp70gG  ;  "  IR  1  0  ,  1  0  ;  "   ilC  \-lXb    scaie  fo'  eacn  onannei 

150  CL'1"FL'T  i3Hp7090  ;  "  TB  1  £  ,0  :  "    'sets  tctel  Time  to  13  seconds 

170  0-JTFU'i'  !vHp7050 ;  "M5 1  :  "       '  lexb    hu^ferec    recording  mode 

1B0 

1 9S  '~5her  aata  into  buffers  tnrougr  2  cna'-'neis. 

200  DI-  ■■=^E£5  FIuL  BUFFER.  I^  FI^;.E:  .  ^hE' 


. 1^ 

240 

Z50  •  iijcprocram    command 

250  EOEL'E    D-3ta_tranH 

270  C-iji-UE    ~ict_3rea 

2SP  GC'i'JE    "iOT_aata 

250  GG5UE    Di?ve    data 


J0O 

310 


-J0  • '?"-our.  -'  subprogram 

340  Da  tr_':  rar.s  :  I  This  suDroutme  ta^e:  cexr     ^rz"     2  Duffers 

350  I  ana  stores  m  erra;     va-'iapie^.  Chan!  and  2 

350  I 

370  'Transfer  channel  i  data  to  Cnanl  array. 

380  DI5P  "TRrtNSFEKRINf  Dr-.Tft 

390  OUTPUT  @Hp70g0: "DOl  .1000  ,e  ,0; " 

400  OUTPUT  @Hd7090: "GI : " 
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410 

420 

4-30 

4-40 

450 

460 

470 

480 

490 

50C 

513 

520 

530 

540  Plot_area 

550 

550 

570 

580 

530 

500 

510 

E3C 
540 
d50 
550 


FOR  N=1  TO  1000 

ENTER  @Hp703O  U3IN'3  "«  ,K  "  ;  Chan  1  (  N  ) 

NEXT  N 

Transfer  cnannei  Z  aata  to  ChanZ  array 
OUTPUT  @Hd7030:  ^'DOZ  ,1000,0,0;  " 
OUTPUT  §Hp7O90; "01 ; " 
FOR  N=l  TO  1000 

ENTER  ©Hp7090  USING  " 3t  ,K  "  ; Chan2(  N  ) 
NEXT  N 
RETURN 


This  subroutine  draws  the  plotting  area    and  grids 

Define  the  plotling  area 

DISF  "PLOT  AREA  15  DRAWING." 
OUTPUT  i3Hp709G:  "I-i  700  ,1300  ,9500  ,6400;  " 
OUTPUT  @H37050;  '■13  1700  ,1300,9500  ,5400:  " 
I 

I  Set  5  grid  IG  for  '^-a.-.iz    and  tZ  for  Y-a.MS 

OUTPUT  @Hp70g0  :  "'S.  1  0  ,  !  Z  ;  " 
i 
!  Select  pen  4  and  "jrai^^    grid 

OUTPUT  @Hp70B0;  ■■3F-:;DG0;  " 

RETURN 


5  93  ^ict  dat< 


'nis  subroutine  plot;  the  normalized  trc 


"^10 
740 


505UE  Ncr:»iei 
DI3P  "N0RMr..I3; 


inci^nalizre;    tne    nctr- 
■-TTERN    Id    DRAwING." 


(Sets  scale  facTo--  iOPC,  1Z0O  for  y  and  ''-a-,  i- 
OUTPUT  @HD7e5e; "BCC  ,  1 000 .O , i 200 ; " 

! 

'Select  pen  3  and  i  ; '-•e  type 
OUTPUT  ©Hp7030;  "S=:3;Li  ;  " 

i 

'Transfer  normslize'J  Pata  f'^om  computer  io    pictte!^ 
'Set  ratio  300-.  anci  crawmg  data 

Factcr  =  400  I  ratio  I.IZ00/3' 


R40 
c5C 
^50 

P.    I   0 

5  S  01 
390 
900 
91  0 


IF  N=l  THEN  C'.JTF'J""  r3Mp7O90  :  "  PU^A"  ;  N  ;  Worr->ai ;  ;>.  ''Pac  t  or 

OUTFU"!"  l5Hc.705O  ;  "  rP- :■'- '  ;  U  ;  Normal  U'J  '♦PacT  or 

NEV'  N 

OUTPUT  RHp705O:  '•FU;£C;  lU;  " 

DISP  "PLOTTING  I?  30MPLETE." 

RETURN 
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3~d    Norrnai:      'This  prcc'^ai^  roaKe  5  normal  i  lat  ion  for  v^han:  and  Chan] 
53?  IChan!  is  a    zoroia    and  CnanZ  is  a  moving  antenna. 


DIBF  "rJOPMr.LIZING  TRANSITION  FhJTErlvl . 
FOR  I=!  TO  1000 


.7» 


! avoid  ••u    vaiue 


370 
330 
5  90 
1300 

>  0  1  0 

i0:-3 

iC33 

I  040  I 

1 050  I 

1C50  5ave_daTa:  'Tnis  SLiocroc^^n  save  the  data  10*0  sen 3 rated  file 

1070  !  which  name  1  =■  given  dy  you. 


IF  Chani ( I  )=0  THEN 

Cnani ( I  )=Chan1 ( I-l  ) 
Cnan2(  I  )  =  ChenZ(  I-l  .' 
END  IF 

Nc^mal;  I  ''=Chan2(  I  './Cnani  (  I 
NEXT  I 
FFTURN 


;  103 
1  1  10 

;  123 

■  :50 

'.   U0 
•  150 


save  t  ne  Dee'*''  data 
LINPUT  "D:  YO'J  want  save  the  Di^'n 
IF  nn5werS="N"  THEN  i220 
LIN=UT  "ENTER  FILE  NAME  TO  STORE  "ATr-:  '■  ,r4ane$ 

CREATE  EDAT  NameS ,3000 ,i    ■ 
A 53  I '3'-!  (?FaT'i  TO  iNiemeS 
OUTPUT  ij^c  '  n  :  Chan  i  (  ♦  / 
OUTFL'T  §?^6t  h  ;  Chan2<  ♦  } 
ijjTFL'T  f^Pe. +  *-.;  Normal  ■'.♦  •      ' 
Ar  ;  I5'''  ?'Fr  t  n  TO  ♦ 
flABE  STORAGE  IS  ":,a-,;V' 
013^  "COr';r^ETE  SAvIfj?  DATA." 


•ns  i«er  31 


xe^ '     c ~  i  V e  £ 5  MSI 
3000  ree.    numoer; 
5  5  5  1  g '-  I  '  C  oath 
sere  1 n  r  ^ "  a  a  t  a 
aenz  Srcr_  aaxa 
5  e  p  cJ  i  •  T  "  r-'  =  1  d  a.  t  a 
close  I-l  patn 
returr  xo  riarr:  arive 


250  END 


Program  for  redrawing:  of  raw  data 


ni; 


"am  I  =  ;  I  ^  •=  ^  r  -, 


enrai.i  t-..^:  ,jaT.^   i  r.  qCA 

'BOAT  fjie?  rtc-re  *:ne  data  obtamer  u?inc,  "NO'^^'A; 

ASEI'Sf-'  '■^^MrjVggo  TC-  70E 
OPTION  BASE  1 


r  i  L  e  5  .. 


'Define  t ne  va"ieCie= 

REAL  Seam',  1  :  1000  .Signal  1  :  1000  *  .Norma J  '   !  :  1000  • 
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!10  'Subprogra'"  cc^r^and 

120  G05UB  Load_data 

130  G05UB  Plotting 

140  DI5P  "PLOTTING  IS  COMPLETE." 

150  STOP 

160  I 

170  I 

180  ' 

1-90  Load_data:   iThxs  prograr^  load  the  data  from  BOAT  file 

200  I  into  the  pr-ogren 

210  1 

220  I  MASS  STORAGE  15  "••A.-"           '      'left  drive  as  MSI 

230  LINPUT  "ENTEP  A  BOAT  PILE  NAME  :",Fiie$ 

2^0  DTSP  "TRANSFERIN5  DATA  FROM  "i^iieS 

250  ASSIGN  @Path  TO  FiieJ         iconnect  to  file 

2S0  ENTER  @Path;Bean( * >           I  load  beam  data 

270  ENTER  @Pat  h  ;  5iQna<  ♦  '          'load  signs.  ..ite 

250  ENTER  ©Pat h ;Normal( ♦  )         'ioad  normal  data 

290  ASSIGN  ePath  TO  ♦             ! close  the  path 

300  IMA5S  STORAGE  IS  ":.i,0"       ipight  drive  as  MSI 

310  RETURN 

720  ! 

340  Plotting:    'This  program  is  tor  plotting  with  plotter, 

350  iChoice  the  data  to  drat** 

370  PRINT  ■'SELECT  THE  NUM5EP  tq  DRAW." 

330  PRINT  '■    1.  BEAM  t    SIGNAL" 

3S0  PRINT  "    2.  NORMALIZED  SIGNAL" 

4.00  I 

■iiO  INPUT  '""■   .Choice 

420  SELECT  C no  ice 

430  CASE  =1 

440  GO  SUB    Piot_rai>; 

450  CASE    =2 

4B0  G0SU5  Piot_norm3l 

470  CASE  ELSE 

430  BEEP 

4  90  PRINT  "INVALID  CHOISE." 

500  LINPUT  "DO  YOU  WANT  CONTINUE  ^'.hnsS 

510  IF  Ans$="V  THEN  370 

520  STOP 

530  END  SELECT 

540  RETURN 

550  ! 

5S0  ! 

570  Ploi_rau:    'This  suDprogram  plots  the  beam  pattern. 

580  I 

590  DI5P  "BEAM  PATTERN  PLOTTING" 

600  OUTPUT  &Hp7090; "IP1750, 2300, 9250, 7150; " 
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520 
530 
640 
S50 
660 
570 
680 
5  90 
700 
7)0 
720 
730 
740 
750 
7B0 
770 
780 
790 
300 
S10 
520 
S30 
84-0 
550 
550 
570 
6S0 
990 
503 

sie 

320 
530 
54.0 
550 
SE0 
570 
980 
590 

!O00 
1010 

1020 
1030 
!04.C 
1050 

1050 
1070 
I  080 
1090 

1  100 


OUTPUT  ^Hd7090; "IZ1750 ,2300 ,9250  ,7150; " 

OUTPUT  §hD7090; "SC0.100O  ,0,1000;  " 

OUTPUT  §HD70g0; "SPI  ,LT2; " 

FOR  N=!  TO  1000 

IF  N=1  THEN  OUTPUT  @HD70g0 ; "PUPA" : N ; Beam( N  )  • 1 00 
OUTPUT  (3Hp70g0;  "PDPA"  ;  N  ;  Beam(  N  )♦  1  00 

NEXT  N 

OUTPUT  «Hp7090; "PU; " 


This  subprograrn  Diets  th€:  detected  signal. 
OUTPUT  '^HpTOgO;  "SP2  ,LT;  " 
FOR  M=l  TO  1000 

IF  N=1  THEN  OUTPUT  is'Hr:.7090  ;  "PUPA  "  ;  N  ;  Signa  (  N  >♦  1  00 
OUTPUT  taHp7050;  "PGPA"  ;N;Signa(N  )♦  100 
NEXT  N 
1 

'Define  drawing  area,  gria  and  pen 
OISP  "DRAWING  PLOT  AREA." 
OUTPUT  @Hd7090 ;" IP  1750,2300, 5250, 7150:  " 
OUTPUT  lc*Hd7090;  "  12  1  750  ,2300  ,5250  ,7i  50;  " 
OUTPUT  C-Hp70SO;  "SLIO  ,1G:  ' 
OUTPUT  (5HD70g0;  "5P4;D5C;  " 
OUTPUT  ;5Hp^090;  "PU;  " 
I 

1  Lanei  x  and  Y  ax  :  5  . 

DI5r  ■'LA5ELLIN5" 

OUTPUT  C3hp7090;  "SI .  2  ,  .  3  ;  01  :  " 

FOR  >=C  TO  1000  STEP  100 

REA2  n 


^0.-.5 


;LC5!LE" iA 


OUTPUT  (5Hp70g0  USING  "'^  '^ 
NEXT  V 

DATA  -5,-4,-3,-2,-1  ,0,1  ,2,3,4,5 
QijTP'jT  (?Mp7Og0:  "PA50O  ,-eC;L5Angle  ^  aegrees  ) 
FOP  i=!2    TO  1000  STEf^  20C 

uUTPL*"i'  *?hp7090  :  "PA*  /■,■.■:";" 

OUTPUT  (^Hd7090;  "CF-.5  ,G;L08;LB"  ;Y''100:  "" 
NEXT  y 


OUTPU"  (rHoTOgO;  "SPI 


OUTPUT  i2Mp7Og0 
OUTPUT  rc'HD7Og0 
CUTPU"^  '5Hc. 7090 
RETURN 
I 


"LOS 
"SP2 
"LOS 


Pm-40  ,500;OIO,1  ;LT2;  " 
LBBed-'  current   -  -  - 
Pr-60  ,503;DI0  ,1  ;LT; " 
LBRadiation      


^1  ot_norna  1  :  I  Thi  5  sudprogram  picls  the  normaiiired  signal 
I 

DI5P  "EEAfi  PATTERN  PLOTTING" 

OUTPUT  <§Hp7050;  "  IP  1  750  .2300  ,  5250  ,7  1  50  ;  " 
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!  10 
1Z0 

130 
140 
150 
1B0 
170 
130 
190 
200 
210 
Z20 
250 
240 
250 
260 
270 
280 
290 
500 
310 
320 
ZZ!S 
340 
350 
'50 
370 
350 
390 
400 
410 
420 

430 
440 

450 
460 


"121750,2300, 9250, "150; 
"5C0  ,  1000,0  ,1200; " 
"SF3,LT; ' 


OUTPUT  @Hp70g0; 

OUTPUT  @Hp70g0; 

OUTPUT  @Hp7Og0; 

FOR  N=]  TO  1000 

IF    N=l     THEN    OUTPUT    i?Hp7090  ;  "FUPfl"  ;  N;  NornaK  W  >»300 
OUTPUT    @Hp70g0; "FDPA" ;N;NorMal(N )*500 

NEXT    N 

t 

'Define  drawing  area,  grid  and  pen 

DI5P  "DRAWING  PLOT  AREA." 

OUTPUT  ioHp70g0;  "IP1750  ,2300  ,9250  ,7150;  " 

"121750,2300.5250,7150; " 

"GL10,8; " 

"SP4;DG0;" 

"PU;" 


OUTPUT  @Hp7090 
OUTPUT  @Hp70g0 
OUTPUT  @Hp70g0 
OUTPUT  ilHp70g0 


' Label  X  and  Y  ax i 5 . 

DI5P  "LABELLING" 

OUTPUT  @Hp7090; " 31 . 2  ,  . 3 ; DI ; " 

FOR  X=0  TO  1000  STEP  100 

OUTPUT  @Hp70g0; "PA" ;X; "  ,0; " 

READ  A 

OUTPUT  (§Hp7090  USING  "  K  "  :  "CFO  ,- .  5  ;  L05  :  L5  "  ;  m  ;  " " 
NEXT  X 

DATA  -5,-4,-3.-2,-1,0,1,2,3,4,5 
OUTPUT  §Hp70g0;  "PA500  ,-30;LEAr!gie  *  degrees)" 
FOP  V=0  TO  1200  STEP  300 

OUTPUT  @Hp7S90 ; "PA  I  ,  "  ;  V  ;  "  ;  " 

OUTPUT  ?Hp7090; "CF-.5  ,0;LO8;LB" ; y/300: " " 
NEXT  Y 

OUTPUT  r^Hp'^'OgO;  ■'PA-50_.50O;CI0  ,1  ;  ^ 

OUTPUT  i?Hp70bO  i  "lOB  ;  LtRcT  ic  .  cicrel  •  pe^m  )" 

RETURN 


END 
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